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ABSTRACT

Petry L, Laubach LL, Hovey PW, Rogers NL, Towne B, Chumlaa
CW. Development And Validation Of An Anthropometrically Based
Prediction Equation For Estimating The Percent Body Fat Of Post
Menopausal Black Females. JEPonline 2005;8(4):20-28. Anthropometric
equations developed specifically for the estimation of body composition
parameters in Black females are limited. Data from the Lifespan Health
Research Center were used to develop a new, easy to use equation to
estimate the percent body fat of post-menopausal Black females using
simple and easy to collect anthropometrics. The body composition of 72
post-menopausal Black females was measured by Dual Energy X-ray
Absorptiometry (DXA). Validation (N=55) and cross-validation groups
(N= 17) were randomly assigned. Prediction models were developed
using stepwise multiple regression analyses with percent body fat as the
dependent variable and various anthropometrics as the independent
variables. The chosen prediction equation uses hip circumference, wrist
breadth, bicep skinfold, and weight as predictors of percent body fat.
The suggested prediction equation is: %BF= -214.28 + 58.58*1n (hip
Circ)- 23.47*1n (wrist BB)+ 7.24*1n (bicep SKF)-0.00108*weight2 and
has a model R2=0.82 and a SEE=1.0%.
Key Words: African American, Body Composition, DXA, Ethnicity,

Women
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INTRODUCTION
Prediction equations for estimating the body composition of White females from anthropometrics are
available in the literature (1-6). These generalized equations, however, are not age-matched to post
menopausal Black females (5) and are recognized to perform less satisfactorily when applied to Black
females (6). Additionally, bone breadths have been reported for White females but not for Black
females (7). Compared to White females, Black females are known to have a higher bone mineral
density (8), greater amount of body fat (3,9-11), and differing extremity lengths (9). In addition, the
prevalence of obesity in Black females is twice that of White females (12-14). While the associations
between body composition and cardiovascular disease (CVD) risk in Black and White females are still
under study, Black females are at relatively greater CVD risk at all ages (14-16). Increased bone
mineral density, on the other hand, is advantageous to Blacks as it inhibits the onset of osteoporosis
(17,18).
Collectively, these observations indicate that prediction equations specific to demographic groups
most at risk of disease are needed to estimate body composition, especially in Black females. To the
best of our knowledge, no anthropometric equations for the estimation of body composition
parameters in post-menopausal Black females have been developed using Dual Energy X-ray
Absorptiometry (DXA). Five studies using DXA methods measured the body composition of Black
females (9, 10, 19-21 ), but none correlated DXA results with anthropometric data for predictive
purposes. One study looked specifically at compartmentalization (19), two studies looked at the
distribution of fat by comparing waist-to-hip ratios (9, 10), and several other studies compared body
density to bioelectrical impedance (5,6,20,21).
The overall goal of this study was to address voids in the research with regard to predicting body
composition measurements in different ethnic groups. The specific goals of the study were to: (1)
assess the body composition of post-menopausal Black females using DXA, (2) develop a prediction
equation for percent body fat from the assessment methods, and (3) provide regression equations for
the prediction of body composition parameters from simple anthropometrics.

METHODS
Subjects
Seventy-two adult females from the greater metropolitan Dayton, Ohio, U.S.A. were recruited by
telephone and word-of-mouth based upon menopausal status and self-reported Black ethnicity. All
subjects provided informed consent and completed menstrual history, medical history, and physical
activity questionnaires. Menopause was defined as the absence of a menstrual cycle (clinical or
surgical) for 12 continuous months. All subjects were post-menopausal. Subjects' physical activity
levels varied from sedentary to active. The majority of subjects were hospital employees, members of
the academic community, or members of local churches.
Procedures
Subjects underwent body composition examinations that included DXA and standard anthropometric
assessment (22,23). The data obtained from these examinations were then used to develop an
equation to predict percent body fat from anthropometrics. Data were collected during a 4 hour visit to
the Lifespan Health Research Center (LHRC) at Wright State University (WSU) School of Medicine,
Dayton, Ohio, U.S.A.. The Institutional Review Boards for the University of Dayton (UD), Dayton,
Ohio, U.S.A. and WSU approved the use of human subjects. Subjects received financial
remuneration for their participation.
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Table 1. Descriptive characteristics of validation

. .

Variable

Mean±SD

Age (yrs.)

60.9±9.6

41.6-79.9

Height(cm)

162.7±5.8

150.9-177.8

Weight(kg)

82.5±15.2

50.6-117.9

DXA (%Fat)

36.9±6.9

15.6-47.6

DXA-Fat Mass (kg)

31.3±10.3

7.9-57.4

DXA-Fat Free Mass (kg)

51.4±7.3

36.8-72.5

BMl(kglnf)

31.2±5.7

16.8-43.3

Waist to Hip Ratio

0.89±0.06

0.76-1.06

SKF: Bicep (mm)

18.7±7.3

4.6-33.9

SKF: Tricep (mm)

26.8±6.6

10.4-38.7

SKF: Midaxillary (mm)

22.4±6.1

7.2-35.2

SKF: Suprailiac (mm)

24.7±7.2

5.1-36.0

SKF: Sum4 (mm)

92.7±22.9

35.5-131.1

UpperArm Circ (cm)

35.2±4.9

23.2-48.5

Abdominal Circ (cm)

101.8±12.2 71.7-125.2

Hip Circ (cm)

114.0±11.4 88.5-144.0

Thigh Circ (cm)

56.6±7.1

38.2-72.0

calf Circ (cm)

38.4±4.6

29.0-51.3

Truck Depth (cm)

29.1±4.4

18.1-38.6

BB: Bicristal (cm)

31.4±2.5

25.7-38.6

BB: Biacromial (cm)

38.4±1.7

34.9-42.6

BB: Wrist (cm)

5.3±0.3

4.6-5.8

BB: Elbow (cm)

6.8±0.5

6.1--8.1

BB: Knee (cm)

10.2±1.0

8.6-12.6

Range

Fat mass, fat free mass, and percent fat were
measured by DXA (Hologic QDR4500 Elite,
Waltham, MA, Software Version 2.1).
Anthropometric assessment of body composition
consisted of height and weight, in addition to
numerous bone breadths, circumferences, and
skinfold measurements using protocols similar to
those in the Anthropometric Standardization
Reference Manual (22). All variables were
measured to the nearest mm. Standing height was
measured with a wall-mounted digital stadiometer,
and body weight was measured to the nearest 0.1
kg on a digital scale. A Lange caliper was used to
measure skinfold thickness (SKF) at the following
four sites: bicep, tricep, suprailiac, and midaxillary.
Upper arm circumference was measured with a
flexible steel tape. Circumferences of the
abdomen, hips, thighs, and calves were measured
with a soft flexible tape. Trunk depth and five
skeletal frame size measures collected as bone
breadths of the wrist, elbow, knee, shoulders
(biacromial), and hips (bicristal) were measured
using a sliding caliper. Two measurements were
taken at each anthropometric site by two
experienced laboratory technicians, and the
average of all four readings was used in the data
analysis. Standard protocol for the LH RC is to
take all measurements on the left side of the body.

Statistical Analyses
The total sample was divided into a validation
group (N=55) and a cross-validation group (N=17).
Statistical analyses were conducted using the
SAS (Statistical Analysis System, Version 8)
software package (24). Descriptive statistics were
calculated separately for the validation group and
the cross-validation group.
The criterion measure for percent body fat was
derived from DXA. Data analysis consisted of
stepwise multiple regression, with chronological
age plus all anthropometrics submitted for
possible entry into the equations. The validation
group was used to derive the population-specific
prediction equations that were cross-validated by
the second group. The best fitting polynomial
equation was chosen as the representative
population specific equation.
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Stepwise regression was used to build
several candidate models to predict percent
body fat from the various anthropometrics.
The DXA determined fat mass, fat free mass,
and percent body fat were used as the
dependent variables, and the stepwise
procedures selected from the remaining
independent variables to build the best linear
model for predicting the dependent variables.
Percent body fat is a constrained variable
because it cannot be less than 0 or greater
than 100. Constrained variables can cause
difficulties with fitting linear models; however,
there are several approaches for minimizing
the effect of the constraint. The standard
approaches include transforming percent fat
to the natural logarithm of percent fat divided
by percent lean or the arcsine of percent
body fat divided by 100. An additional
approach used in this study was to build
separate models for fat mass and fat free
mass and then predict percent body fat from
the predicted fat mass and fat free mass.
Six models were selected as candidates for
predicting percent body fat. The composite
model (Model 1) predicts percent body fat
from separate predictions of fat mass and fat
free mass. The direct models (Models 2
through 4) used the DXA determined percent
body fat as the independent variable. One
direct model (Model 2) only included the
actual values of the anthropometrics in the
model building process, while the other direct
models (Models 3 and 4) also included the
logarithm and the square of each of the
anthropometrics. Elbow breadth was forced
in Model 4 instead of wrist breadth because
elbow breadth was an important variable in
another study of body composition prediction
(7). The log-odds model (Model 5) used the
logarithm of percent body fat divided by one
minus percent body fat as the independent
variable, while the arcsine model (Model 6)
used the arcsine of percent body fat divided
by 100. The composite, log-odds, and
arcsine models all include the straight and
transformed anthropometrics.
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Table 2. Descriptive characteristics of cross-validation

. .

Variable

Mean±SD

Range

Age (yrs.)

56.5±8.4

44.5-76.3

Height(cm)

162.5±6.2

150.7-178.1

Weight(kg)

74.7±13.7

55.4-112.6

DXA (%Fat)

33.7±6.8

15.3-41.2

DXA-Fat Mass (kg)

25.7±9.0

9.3-46.5

DXA-Fat Free Mass (kg)

48.7±6.1

38.2-66.4

BMl(kglnf)

28.4±5.7

19.5-42.3

Waist to Hip Ratio

0.87±0.06

0.75--0.97

SKF: Bicep (mm)

14.6±7.7

3.7-28.3

SKF: Tricep (mm)

27.1±7.7

13.0-36.9

SKF: Midaxillary (mm)

19.6±7.3

7.5-31.8

SKF: Suprailiac (mm)

23.5±6.7

10.0-37.2

SKF: Sum4 (mm)

84.6±26.6

34.2-123.6

Upper Arm Circ (cm)

33.2±4.6

25.3-40.6

Abdominal Circ (cm)

95.0±11.6

74.5-114.0

Hip Circ (cm)

108.9±10.6

94.6-134.7

Thigh Circ (cm)

55.2±5.9

48.1-71.3

calf Circ (cm)

37.6±4.1

32.3-47.9

Truck Depth (cm)

27.2±4.4

20.6-35.9

BB: Bicristal (cm)

29.3±2.2

26.1-34.6

BB: Biacromial (cm)

37.8±1.9

35.0-41.5

BB: Wrist (cm)

5.2±0.3

4.7-5.8

BB: Elbow (cm)

6.7±0.4

6.1-7.2

BB: Knee (cm)

9.7±0.9

8.5-12.2
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Table 3. Pearson's Product Moment Correlatlon Coefficient Matrix (r), where for "df = 53, a value of 0.270 Is
needed to reach p = 0.05 and for"*df= 15, a value of 0.482 ls needed to reach p = 0.05.

Validation Group (N=55)*

r/o FA1J

DXA

r/o Fat)

Cross-Validation Group
(N=17)**

DXA (% Fat)

1.00

DXA (% FA1J

1.00

DXA-Fat Mass

0.89

DXA-Fat Mass

0.90

DXA-Fat Free Mass

0.27

DXA-Fat Free Mass

0.30

Age

0.07

Age

0.16

BM/

0.76

BM/

0.80

Height

-0.20

Height

-0.49

Weight

0.68

Weight

0.71

Hip Circ

0.78

Hip Circ

0.69

Thigh Circ

0.72

Thigh Circ

0.63

Abdominal Circ

0.76

Abdominal Circ

0.85

Upper Arm Circ

0.73

UpperArm Circ

0.76

CalfCirc

0.52

CalfCirc

0.51

Waist to Hip Ratio

0.23

Waist to Hip Ratio

0.56

SKF: Bicep

0.75

SKF: Bicep

0.68

SKF: Midaxillary

0.52

SKF: Midaxillary

0.67

SKF: Suprailiac

0.61

SKF: Suprailiac

0.66

SKF: Tricep

0.68

SKF: Tricep

0.72

SKF:Sum4

0.76

SKF:Sum4

0.75

BB: Biacromial

0.17

BB: Biacromial

0.17

BB: Bicristal

0.59

BB: Bicristal

0.72

BB: Elbow

0.38

BB: Elbow

0.18

BB: Knee

0.53

BB: Knee

0.47

BB: Wrist

-0.10

BB: Wrist

-0.29

Trunk Depth

0.77

Trunk Depth

0.81

DXA
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Table 4. Mean prediction errors (ME), standard deviation of the prediction errors (SD), and standard error of the
mean prediction errors (SEE) In cross-valldatlon group (N=17) for the predictive models.

Dependent Variable

ME

SD

SEE

Model 1: %BF (Compaim)

-0.5809

5.0200

1.2175

Model 2: %BF

-0.0417

4.8151

1.1678

Model 3: %BF fDirer:t wtT,..,..,_,_ tnt1apent1entaJ

-0.0140

4.2823

1.0386

Model 4: %BF (Direc:t w1 Elbow BB)

0.4703

4.8406

1.1740

Model 5: %BF fLog-OddsJ

0.4200

4.6103

1.1182

Model 6: %BF fArcainaJ

-0.0532

4.2564

1.0323

fDll9Ct w1Act11111 tndependlnt:sJ

RESULTS
Descriptive data for the experimental and
cross-validation groups are presented in
Tables 1 and 2, respectively.
The final prediction model selection was
based on the performance of each in
predicting percent body fat for the cross
validation data set. The correlation matrix
and summary statistics for the predictions
of the cross-validation group are
presented in Table 3 and Table 4,
respectively. The standard deviation (SD)
of the prediction error is an estimate of
the typical error that will be seen in field
use of the model. Roughly 68% of the time
the model is applied, the predicted percent
body fat will fall within one standard
deviation of the DXA determined percent
body fat.
The best performing models on the cross
validation group were the arcsine model
(Model 6) and the direct model using
transformed predictors (Model 3). The
standard deviations were very similar with
the arcsine model (Model 6) having a slight

Table 5. Regression coefficients, partlal explanatlon of
2
variance (Partlal R ), and significance of Independent
variables for validation group (N=55) in Model 3: %BF1oirect

.

.

t"
Coefficient

Intercept

-214.2770

Partial R2

Significance

<0.0001

In (Hip Circ)

58.5848

0.6369

<0.0001

In (Bicep SKF)

-23.4670

0.1031

0.0097

Weighf

7.2368

0.0516

<0.0001

In (Wrist BB)

-0.0011

0.0264

0.0078

0.8179

<0.0001

Model Ii'

12
• Cross-Validation

10
I

8
R

e 6
s 4
i

d

2

u

0

a
I

.,
•
••

-2
-4

Figure 1. Plot of residual versus predicted
values for validation (N=55) and cross
valldatlon (N=17) groups using Model 3, the
direct model with transformed Independent
variables.

.

Variable

-6

I

. valldatlon

..II•.
.. .........• .
•• •

•

:/. ii"•

... ·'••.. .• ..
~ .

•

I

·I·
• •
•
••
• •
• •
r

-8

15

25

35
Predicted

45

55

Fat Estimation Of Black Females

26

advantage. The direct model using transformed predictors (Model 3) was selected as the suggested
population-specific prediction equation since it would be easier to implement in the field. When
applied to a group of post-menopausal Black females, the selected model had a SEE of 1.04% and
an individual SD of 4.28% (Table 4). Figure 1 depicts the adequacy of the selected model. It shows
the plot of residual versus predicted values for the validation and cross-validation groups using the
direct model with transformed independent variables. The relationship between the size of the
residuals and the predicted values shows the residuals are unrelated to the response. These
randomly scattered data indicate a good fit and therefore a properly chosen model. Table 5
summarizes the regression results for the direct model using transformed predictors containing the
estimated coefficients and the p-values for each term included in the model. The suggested prediction
model is:
%BF= -214.28 + 58.58*1n (hip Circ) - 23.47*1n (wrist BB)+ 7.24*1n (bicep SKF)- 0.00108*weight2.
For example, if a 60-year-old Black female had her hip Circ, wrist BB, bicep SKF, and weight
measured to be 115.0 cm, 5.2 cm, 17.9 mm, and 83.5 kg respectively, then her percent body fat
calculated using the population-specific prediction equation above would be:
%BF= -214.28 + 58.58*1n (115.0) - 23.47*1n (5.2) + 7.24*1n (17.9)- 0.00108*83.52
= -214.28 + 58.58*4.74 - 23.47*1.65 + 7.24*2.88 - 0.00108*6972.25
= -214.28 + 277.67 - 38.73 + 20.85- 7.53
= 37.98 % or approximately 38 %.
DISCUSSION

The authors are unaware of anthropometric equations developed specifically for the estimation of
body composition parameters in post-menopausal Black females. Evaluation of prediction models
developed in this study and compared with percent body fat as measured by DXA provides a new
and easy to use anthropometric equation for the prediction of percent body fat of post-menopausal
Black females. To the best of the authors' knowledge, no other population-specific prediction
equations for post-menopausal Black females have been presented or cross-validated in the
literature. The equation developed in this study uses hip circumference, wrist breath, bicep skinfold,
and weight as predictors of percent body fat, and has a model R2 of 0.82 and a SEE of 1.04%.
Percent body fat measured by DXA was significantly correlated with most anthropometric variables
(Table 3). Significant mean differences for the cross-validation group were noted for DXA fat mass
and bicristal BB variables at p=0.05. These results are not surprising given bicristal BB was
somewhat more highly correlated with DXA fat mass (r=0.76) and DXA fat free mass (r=0.64) than
DXA percent body fat (r=0.59). Also, studies have established the incidence of higher bone mineral
densities (8) and longer extremity lengths (9) in Black females. Chumlea et al. (7) have noted that
bicristal and biacromial breadths are most associated with measures of fat and lean tissues,
respectively. They report a poor association of wrist breadth with body fatness, and the significance of
wrist breadth in multiple regression analyses. The population-specific regression equation developed
in this study also uses wrist breadth as a measure of frame size, and found it to be negatively
associated with percent body fat. Elbow breadth was not significantly correlated with body
composition for this population of females, supporting the findings of Chumlea et al. in a White
sample (7).
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CONCLUSIONS
The association of body composition with the risk of diabetes and cardiovascular disease coupled
with the inherently greater risk of these diseases in Black females underscores the need for accurate
methods of prediction of body fat in these individuals. The equation presented here addresses a void
in body composition assessment research. It is more population specific than the widely used
generalized equations (1-4), and therefore, provides a valid prediction of percent body fat for post
menopausal Black women. It is applicable to post-menopausal Black females ranging in age from 41
80 engaged in a variety of different activity levels. This equation is also practical and easy to use.
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